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A B S T R A C T

Purpose
To assess therapy-related acute myeloid leukemia/myelodysplastic syndrome (t-AML/MDS) risk in
patients treated for Hodgkin lymphoma (HL) on successive generations of Stanford clinical trials.

Patients and Methods
Patients with HL treated at Stanford with at least 5 years of follow-up after completing therapy
were identified from our database. Records were reviewed for outcome and development
of t-AML/MDS.

Results
Seven hundred fifty-four patients treated from 1974 to 2003 were identified. Therapy varied across
studies. Radiotherapy evolved from extended fields (S and C studies) to involved fields (G studies).
Primary chemotherapy was mechlorethamine, vincristine, procarbazine, and prednisone (MOPP)
or procarbazine, mechlorethamine, and vinblastine (PAVe) in S studies; MOPP, PAVe, vinblastine,
bleomycin, and methotrexate (VBM), or doxorubicin, bleomycin, vinblastine, and dacarbazine
(ABVD) in C studies; and VbM (reduced dose of bleomycin compared with VBM) or mechloreth-
amine, doxorubicin, vinblastine, vincristine, bleomycin, etoposide, and prednisone (Stanford V) in
G studies. Cumulative exposure to alkylating agent (AA) was notably lower in the G studies
compared with the S and C studies, with a 75% to 83% lower dose of nitrogen mustard in addition
to omission of procarbazine and melphalan. Twenty-four (3.2%) of 754 patients developed
t-AML/MDS, 15 after primary chemotherapy and nine after salvage chemotherapy for relapsed HL.
The incidence of t-AML/MDS was significantly lower in the G studies (0.3%) compared with the
S (5.7%) or C (5.2%) studies (P � .001). Additionally, in the G studies, no t-AML/MDS was noted
after primary therapy, and the only patient who developed t-AML/MDS did so after second-
line therapy.

Conclusion
Our data demonstrate the relationship between the cumulative AA dose and t-AML/MDS. Limiting
the dose of AA and decreased need for secondary treatments have significantly reduced the
incidence of t-AML/MDS, which was extremely rare in the G studies (Stanford V era).

J Clin Oncol 31:592-598. © 2013 by American Society of Clinical Oncology

INTRODUCTION

Secondary malignancies have long been recognized
as a complication of treatment for Hodgkin lym-
phoma (HL).1-3 Therapy-related acute myeloid leu-
kemia (t-AML)/myelodysplastic syndrome (MDS)
is an important subset associated with exposure to
alkylating agents (AAs) and topoisomerase II inhib-
itors and with a poor prognosis.4-14 The relative risk
of AA-related leukemia peaks in the first 5 years after
therapy and is associated with dysplastic changes
and chromosomal aberrations involving chromo-
somes 5 and 7.15,16 In contrast, epipodophyllotoxin-

related t-AML occurs 2 to 3 years after exposure,
generally lacks a preceding MDS phase, and is char-
acterized by balanced translocations involving
11q23 and 21q22.8,14,16 Other risk factors variably
attributed to t-AML/MDS include extended-field
radiation therapy (RT), combined-modality ther-
apy, splenectomy, age (� 40 years old), and
advanced-stage disease.5,17 The role of involved-
field RT (IFRT) as a risk factor has been contro-
versial, and recent large studies suggest no
increased risk.15,18

Over the last three decades, improved imaging
modalities and recognition of clinical risk factors
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have replaced the routine use of staging laparotomy and splenectomy,
practiced in the 1970s and early 1980s.19-21 Therapy has been modified
from intense AA-based chemotherapy to minimal or non–AA-based
chemotherapy along with significant modifications of RT fields and
doses (ie, high-dose [� 44 Gy] extended-field RT to as little as 20 Gy of
IFRT).21-24 In this study, we report on the impact of these modifica-
tions on the risk of developing t-AML/MDS over three generations of
clinical trials for HL at Stanford University Medical Center.

PATIENTS AND METHODS

Patient Selection

This retrospective analysis identified from our HL database patients
treated with RT alone, chemotherapy alone, or combined-modality therapy
and observed at Stanford over the last three decades.

Methods

The diagnosis of HL was confirmed in the laboratory of Surgical
Pathology at Stanford, and the Ann Arbor classification system was used
for initial staging.25 All patients had a chest x-ray, CBC, metabolic panel,
and erythrocyte sedimentation rate. A bone marrow biopsy was performed
in all patients with “B” symptoms or subdiaphragmatic disease and re-
peated at the end of therapy if involved. Radiographic studies varied over the
different eras and included lymphography, computed tomography, gal-
lium scanning, and fluorodeoxyglucose-positron emission tomography–
computed tomography. Staging laparotomy with splenectomy, performed in
the 1970s and early 1980s, was abandoned as other factors predictive for occult
subdiaphragmatic disease were recognized and systemic therapy was incorpo-
rated into initial management.26 Follow-up included a physical examination,
chest x-ray, CBC, and metabolic panel every 3 months for the first 2 years after
treatment, every 6 months for years 3 to 5, and annually thereafter. Era-
appropriate imaging was performed annually for the first 3 years or as clini-
cally indicated.

Patients were treated on three generations of treatment protocols, re-
ferred to as the S, C, and G studies (Table 1), and patients who developed
t-AML/MDS were identified according to the French-American-British clas-
sification.27 We also sought to evaluate whether t-AML/MDS developed after
primary therapy for HL or after second-line therapy for relapsed disease. The
study was conducted in accordance with Stanford’s Institutional Review Board
and the Declaration of Helsinki.

Specifics of Therapy

The S studies were randomized clinical trials conducted between 1974
and 1980. Patients with stage I or II disease were treated with either RT (44 Gy)
as a single modality (subtotal lymphoid irradiation [STLI] or total lymphoid
irradiation [TLI]) or combined-modality therapy with IFRT (44 Gy) followed
by MOPP mechlorethamine, vincristine, procarbazine, and prednisone
(MOPP; Appendix Table A1, online only).28 Patients with stage IIE to IIIB
disease received chemotherapy with six cycles of either MOPP or procarba-
zine, mechlorethamine, and vinblastine (PAVe) combined in an alternating
fashion with RT (STLI 44 Gy for stage IIE disease and TLI 44 Gy for stage III
disease). Patients with stage IV disease were treated either with MOPP or PAVe
plus RT (IFRT or TLI; 44 Gy) delivered in a split-course fashion or with
MOPP alone.

The C studies were randomized trials conducted between 1981 and 1989.
Patients with stage I or II disease and favorable presentations of stage IIIA
disease were treated either with RT alone (40 to 44 Gy STLI/TLI) or IFRT (40
to 44 Gy) followed by six cycles of vinblastine, bleomycin, and methotrexate
(VBM) chemotherapy.29 Patients with bulky mediastinal disease were treated
with 6 months of PAVe or 6 months of doxorubicin, bleomycin, vinblastine,
and dacarbazine (ABVD) combined with 44 Gy of mantle-field RT (stage I or
II) or 44 Gy of STLI/TLI (stage III) in a split-course or alternating fashion.
Patients with stage IIIB to IV disease were treated with either combined-
modality therapy (PAVe � TLI 30 to 44 Gy) or chemotherapy alone (PAVe/
ABVD or MOPP/ABVD).

Patients on the G studies were treated between 1989 and 2003. Staging
laparotomy was abandoned, and notably, neither MOPP nor PAVe chemo-
therapy was used. In the G1 trial, patients with nonbulky stage I to IIA disease
were randomly assigned between treatment with RT alone (STLI 36 to 44 Gy)
or combined-modality therapy with 2 months of VBM followed by mantle-
field RT (36 to 40 Gy) and 4 months of VbM (reduced dose of bleomycin
compared with VBM). After 1992, all patients were treated with minimal
alkylator therapy on the Stanford V regimen (mechlorethamine, doxorubicin,
vinblastine, vincristine, bleomycin, etoposide, and prednisone) for 8 or 12
weeks depending on stage. This was followed by IFRT (30 Gy) in nonbulky
stage I to IIA disease or 36 Gy to sites greater than 5 cm and to involved spleen
in stage IIX, III, and IV disease.29,30 RT field modifications were also notable
for the omission of the high neck and axillae from the RT field unless the latter

Table 1. Patient Demographics and Clinical Characteristics and
Chemotherapy and Radiotherapy Characteristics

Demographic or Characteristic

Study

S C G

Years of study 1974-1980 1981-1989 1989-2003
Patients, No. 227 193 334
Median age, years 27 26 29
Male

No. 129 113 179
% 57 59 54

Median follow-up, years 22 20 11
Stage

I-II
No. 96 97 226
% 42 50 68

III-IV
No. 131 96 108
% 58 50 32

Splenectomy
No. 200 122 34
% 88 63 10

Cumulative doses of chemotherapy
agents, mg/m2

Mechlorethamine� 72 72 12-18
Procarbazine† 8,400 8,400 —
Melphalan‡ 180 180 —
Etoposide — — 240-360

RT dose in S, Gy
Stage I-II, IF 44
Stage III, STLI/TLI 44
Stage IV, IF or STLI/TLI 44

RT dose in C, Gy
Stage I-II, IF 40-44
Stage IIX, mantle 44
Stage III-IV, IF or STLI/TLI 30-44

RT dose in G, Gy
Stage I-II, modified IF 30-36
Stage IIX, III-IV, modified IF, sites

� 5 cm, spleen 36

NOTE. S studies used MOPP or PAVe; C studies used MOPP, PAVe, ABVD,
or VBM; and G studies used VbM or Stanford V.

Abbreviations: ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; IF,
involved field; MOPP, mechlorethamine, vincristine, procarbazine, predni-
sone; PAVe, procarbazine, melphalan, vinblastine; RT, radiation therapy;
Stanford V, mechlorethamine, doxorubicin, vinblastine, vincristine, bleomycin,
etoposide, prednisone; STLI, subtotal lymphoid irradiation; TLI, total lymphoid
irradiation; VBM, vinblastine, bleomycin, methotrexate; VbM, VBM but with
reduced dose of bleomycin; X, bulky disease.

�Mechlorethamine used in MOPP and Stanford V regimens only.
†Procarbazine used in MOPP and PAVe only.
‡Melphalan used in PAVe only.
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sites were involved with disease.29 This represented a considerable reduction in
RT dose and field size compared with the S and C studies.

Statistical Analysis

All statistical analyses were conducted using SAS Enterprise Guide 4.3
and SAS 9.3 (SAS Institute, Cary, NC). Comparisons of relative incidences of
t-AML/MDS across the three treatment eras were made. Progression-free
survival (PFS) was defined as time to treatment failure, measured as time from
entry onto the study to disease progression, treatment failure, or death. Overall
survival (OS) was defined as time from study entry until death from any
cause.31 For the mortality analysis, living patients were censored at the time of
last follow-up. For the t-AML/MDS analysis, deceased patients who did not
have leukemia were censored at date of death or last contact. Kaplan-Meier
methods with log-rank tests were used to evaluate PFS, OS, and percentage of
patients free of t-AML/MDS.32 Comparisons between treatment groups for
the log-rank test were adjusted for multiple comparisons using Tukey-Kramer
methods.33 Cox regression methods were used to assess the impact of treat-
ment modality while controlling for age and stage at disease presentation.34

Freeman-Halton tests (an extension of Fisher’s exact test) and Kruskal-Wallis
tests were used to compare demographics, disease characteristics, and t-AML/
MDS incidence across studies.35,36

RESULTS

Seven hundred fifty-four patients treated between 1974 and 2003
who met predefined study criteria were identified. Patient charac-
teristics and therapy details are listed in Table 1. As expected,
statistically significant differences were observed in median
follow-up (driven by the shorter time in the more recent G studies)
and splenectomy (staging laparotomy was rarely performed in the
G era). The distributions by stage and age were also statistically
different. More patients in the G studies had early-stage disease and
were slightly older compared with the S and C studies. Fifty-five
percent of patients in the G studies had stage II disease, of which
35% were considered bulky and treated as advanced disease.
Follow-up time of greater than 7 years was available for 87%, 80%,
and 87% of patients in the S, C, and G studies, respectively.

Comparison of Treatment Regimens and Outcomes

In the S studies, 12 patients (5%) were treated with chemo-
therapy alone, 35 (15%) with RT alone, and the rest with
combined-modality therapy. Chemotherapy consisted of MOPP
in 130 patients (57%) and PAVe in 62 patients (27%). RT consisted
of STLI/TLI in 148 patients (65%) and IFRT in 67 patients (30%).
The median follow-up time is 22 years. The 10-year PFS and OS
were 67% and 77%, respectively, and the 20-year PFS and OS were
57% and 64%, respectively (Table 2, Figs 1 and 2). In the C studies,

38 patients (20%) were treated with RT alone, and the rest were
treated with combined-modality therapy. Ninety-eight patients
(51%) received AA-based chemotherapy (ie, MOPP or PAVe)
without RT (41%), with IFRT (24%), or with STLI/TLI (35%).
Fifty-seven patients (37%) received non–AA-based chemotherapy
(ABVD or VBM) with IFRT. The median follow-up time is 20
years. The 10-year PFS and OS were 71% and 82%, respectively,
and the 20-year PFS and OS were 62% and 70%, respectively (Table
2, Figs 1 and 2). A majority of patients in the G studies were treated
with combined-modality therapy with either VBM/VbM (n � 35,
10%) or the Stanford V regimen (n � 256, 77%). The median
follow-up time is 11 years. The 10-year PFS and OS were 88% and
94%, respectively (Table 2, Figs 1 and 2).

Overall, 138 patients (18.3%) experienced relapse. More relapses
were noted in patients with stage III or IV disease in the S (n � 39,
61%) and C studies (n � 30, 65%) versus the G studies (n � 16, 45%).
This improvement is reflected in PFS and OS in the G studies com-
pared with the C and S studies (P � .001; Figs 1 and 2).

Because there were baseline differences in stage, age, and splenec-
tomy across treatment eras, multivariate Cox models were built using
the latter factors and treatment era (S, C, or G). In these models,
splenectomy was not statistically significant; however, treatment reg-
imen remained statistically significant for OS, PFS, and the incidence

Table 2. Outcome and Incidence of t-AML/MDS in Each Era of Therapy After Primary or Second-Line Treatment

Study
No. of

Patients

10 Years 20 Years

Patients With t-AML/MDS

After Primary Therapy
After Second-Line

Therapy
Total
No.PFS (%) OS (%) PFS (%) OS (%) No./Total No. % No./Total No. %

S 227 67 77 57 64 9/170 5 4/57 7 13
C 193 71 82 62 70 6/147 4 4/46 9 10
G 334 88 94 NA NA 0/299 0 1/35 3 1

Abbreviations: NA, not applicable; OS, overall survival; PFS, progression-free survival; t-AML/MDS, therapy-related acute myeloid leukemia/myelodysplastic
syndrome.
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Fig 1. Kaplan-Meier progression-free survival for the G, C, and S studies.
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of t-AML/MDS after controlling for both age and stage (Appendix
Tables A2 and A3 and Appendix Figs A1A and A1B, online only).

Comparison of Chemotherapy Doses Across S, C, and

G Studies

The cumulative doses of AA and the topoisomerase II inhibitor
etoposide for each regimen are listed in Table 1. In the S and C studies,
patients treated with six cycles of MOPP received cumulative doses of
mechlorethamine 72 mg/m2 and procarbazine 8,400 mg/m2, whereas
patients treated with six cycles of PAVe received cumulative doses of
180 mg/m2 and 8,400 mg/m2 of melphalan and procarbazine, respec-
tively. In contrast, in the G studies, patients treated with Stanford V
received cumulative doses of 12 or 18 mg/m2 of mechlorethamine and
240 or 360 mg/m2 of etoposide on the 8- or 12-week regimen, respec-
tively. Therefore, in the G studies, there was a substantial (75% to

83%) reduction in total mechlorethamine dose compared with that
delivered with six cycles of MOPP, as well as the omission of procar-
bazine and melphalan.

Comparison of RT Doses and Fields Across S, C, and

G Studies

RT doses and fields across different stages of disease for each of
the S, C, and G studies are listed in Table 1. The most notable differ-
ence between the studies is the evolution of RT from doses of 44 Gy
delivered to STLI or TLI fields in the S and C studies to significantly
lower doses of 30 to 36 Gy delivered to a modified involved field for
stage I and II disease or to sites of disease more than 5 cm or macro-
scopic splenic disease in stage IIX, III, or IV in the G studies.

Comparison of t-AML/MDS Across S, C,

and G Studies

Overall, 24 (3.2%) of 754 patients developed t-AML/MDS, in-
cluding 13 patients (5.7%) in S studies, 10 patients (5.2%) in C studies,
and one patient (0.3%) in G studies (Table 2). The median age at
diagnosis of t-AML/MDS was 41 years (range, 21 to 70 years). Al-
though there was no difference in t-AML/MDS risk between the S and
C studies (P � .86), a significant decrease in risk was noted in the G
studies (G v S, P � .002; G v C, P � .007; Fig 3A). After primary
therapy, 15 patients (all in the S or C studies) developed t-AML/MDS
at a median of 4.4 years (range, 1.9 to 18 years; Fig 3B). Of the 138
patients who experienced relapse and were treated with additional
AAs as part of salvage therapy, nine patients developed t-AML/MDS
(S, n � 4; C, n � 4; G, n � 1) at a median of 4.7 years (range, 2.2 to 10.8
years; Tables 2 and 3). Late development of t-AML/MDS more than 15
years after primary therapy was observed in two patients (one each
in the S and C studies). Table 3 lists the characteristics of the 24
patients who developed t-AML/MDS. Notably, the majority of
patients (20 of 24 patients, 83%) had received chemotherapy with
either MOPP or PAVe, whereas only one patient developed t-
AML/MDS after ABVD alone. None of the patients treated with
VbM or Stanford V developed t-AML/MDS after primary therapy.
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Of the 116 patients treated with RT alone, two patients treated with
STLI/TLI in the C studies developed t-AML/MDS (in one patient
after additional AA therapy for relapse).

Documentation of cytopenias or myelodysplasia was noted in
four patients, perhaps suggestive of a myelodysplastic phase before the
diagnosis. The outcome of patients with t-AML/MDS was extremely
poor, and 22 patients died as a result of disease. The median time to
death once t-AML/MDS was diagnosed was 0.7 years (range, 0 to 1.7
years). Two patients are still alive, both treated with cytoreductive
therapy, followed by allogeneic bone marrow transplantation with a
syngeneic donor in one patient and a matched unrelated donor in
the other.

DISCUSSION

Our retrospective analysis reports 3.2% incidence of t-AML/MDS
with a significantly lower risk in the most recent G studies (0.3%)

compared with the older S and C studies (5.7%, P � .002; and 5.2%,
P � .007, respectively). The median time to development of t-AML/
MDS was 4.6 years, consistent with other reports of t-AML/MDS as a
result of AA-based chemotherapy.15 It is questionable whether the two
cases of t-AML/MDS that developed 15 years after treatment were
truly therapy-related or de novo events. Unfortunately, because of the
retrospective nature of our study spanning more than three decades,
essential cytogenetic studies that may have clarified the latter were not
available in most patients.37,38

The risk of developing t-AML/MDS after AA-based chemo-
therapy is well established, and relative risks have been reported
with respect to individual agents and regimens.1,8,13,39 In a multi-
variate model that examined AA-heavy and AA-poor regimens, the
relative risk of t-AML/MDS with MOPP was 5.9, whereas that of
ABVD was significantly lower at 1.5.1 A major difference between
the chemotherapy regimens used in the S, C, and G studies relates
to the cumulative dose of AAs used (Table 1). In the G studies

Table 3. Characteristics of Patients With t-AML/MDS

Patient
No.

Stage at
Diagnosis Primary CT Primary RT

RT Dose
(Gy)

Secondary CT
for Relapse

Time to
t-AML/MDS

After Primary
Therapy
(years)

Time to t-AML/
MDS After
Secondary

Therapy (years)

Time From
t-AML/MDS

to Death
(years)

FAB Subtype/
Cytogenetics

1 IVA MOPP None BCAVe 4.1 3.1 1.3 AML NOS
2 IIIAS MOPP TLI 44 None 2.6 NA 0.7 M4
3 IVB MOPP None None 3.3 NA 0.6 AML NOS
4 IIIB PAVe TLI 44 ABVD/MOPP 10.7 1.8 0.6 M4
5 IVB MOPP TLI 44 ABVD, chlorambucil,

CEOP, RT
8 6.6 0.6 AML NOS

6 IIA MOPP IF 44 None 3.7 NA 0.6 AML NOS
7 IIIAS MOPP TLI 44 None 4.4 NA 0.7 M4
8 IIA MOPP IF 44 BCAVe, RT 4.6 1.5 1.7 M4
9 IIIBS MOPP TLI 44 None 2.4 NA 1.6 AML NOS

10 IVA MOPP IF 44 None 2.6 NA 0.7 AML NOS
11 IIIBS MOPP TLI 44 None 4.7 NA 0.7 AML NOS
12 IIIAS MOPP TLI 44 None 5.8 NA 1 AML NOS
13 IIIBS MOPP TLI 44 None 18.2 NA 0 AML NOS�

14 IIIAES ABVD/PAVe None None 2.1 NA 0.3 AML NOS
15 IIIAS PAVe TLI 44 ABVD, MOPP,

cyclophosphamide,
chlorambucil, etoposide

5.6 3.6 0.1 MDS

16 IIIA ABVD IF 44 None 10 NA 1.2 M1/46XY,
inv(9)(p11q13)

17 IVB ABVD/PAVe None Cyclophosphamide,
chlorambucil, MOPP,
etoposide, CHAD, BMT

6.5 4.7 1.1 M4�/45XY, t(13;
18)(q14;q11.2),
7�

18 IVB PAVe TLI 44 None 1.8 NA 0.9 MDS
19 IVB ABVD/MOPP EF 15 None 15.9 NA 1.4 M0/7q�, t(15;17)
20 IIIA PAVe IF 44 None 7.2 NA Alive M5/45X,Y�, t(8;

21)(q22;q22)
21 IVB ABVD/MOPP EF 30 PAVe 13.5 13.2 0.3 AML NOS�

22 IIA NA EF 44 NA 17 NA 0.2 M4/MLD�

23 IB NA EF 44 MOPP, ABVD, Stanford V,
CHAD, BMT

8.2 6.3 1.7 MDS

24 IIA Stanford V,
12 weeks

Modified IF 36 ABVD, MOPP, BMT 8.7 4.9 Alive M4/9q�, 11q23
(MLL)

Abbreviations: A, absence of “B” symptoms; ABVD, doxorubicin, bleomycin, vinblastine, dacarbazine; B, presence of B symptoms; BCAVe, bleomycin, lomustine,
doxorubicin, vinblastine; BMT, bone marrow transplantation; CEOP, cyclophosphamide, etoposide, vincristine, prednisone; CHAD, cisplatin, high-dose cytarabine,
dexamethasone; CT, chemotherapy; EF, extended field; FAB, French-American-British; IF, involved field; MLD, multilineage dysplasia; MOPP, mechlorethamine,
vincristine, procarbazine, prednisone; NA, not applicable; NOS, not otherwise specified in chart; PAVe, procarbazine, melphalan, vinblastine; RT, radiation therapy;
S, splenic involvement; Stanford V, mechlorethamine, doxorubicin, vinblastine, vincristine, bleomycin, etoposide, prednisone; STLI, subtotal lymphoid irradiation;
t-AML/MDS, therapy-related acute myeloid leukemia/myelodysplastic syndrome; TLI, total lymphoid irradiation.

�AML preceded by MDS.
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(Stanford V regimen), melphalan and procarbazine were elimi-
nated along, with an 83% reduction in mechlorethamine com-
pared with the C and S studies. Not surprisingly, more than 80% of
the patients who developed t-AML/MDS had been treated on one
of the S or C studies. The incidence of t-AML/MDS in the G series
is also significantly lower than some of the more recent regimens
like escalated bleomycin, etoposide, doxorubicin, cyclophospha-
mide, vincristine, procarbazine, and prednisone, which has a 2.5%
incidence of t-AML/MDS after primary treatment likely a result of
the high doses of cyclophosphamide (9.6 gm/m2) and etoposide
(4,800 mg/m2) used.40,41

The risk of developing t-AML/MDS is related not only to the
primary therapy, but also to therapy at relapse. Several studies indicate
that the number of cycles of chemotherapy to achieve remission cor-
relates with the risk of secondary leukemia.4,12 In our data set, signifi-
cantly fewer patients required salvage chemotherapy in the G studies
(35 of 334 patients, 10%) compared with the earlier S (57 of 227
patients, 25%) and C studies (46 of 193 patients, 24%) which led to a
decrease in the incidence of t-AML/MDS in the G studies. Our obser-
vations are similar to reports by the German Hodgkin Study Group, in
which the incidence of t-AML/MDS across nine trials between 1978
and 1998 decreased to 1% (46 of 5,411 patients), compared with
reports of 2.2% to 5.2% when AA-heavy regimens were used.9,12,20,42

Although we observed no cases of t-AML/MDS after primary
therapy with the Stanford V regimen, two cases have been reported in
the literature. In an Eastern Cooperative Oncology Group pilot study
(E1492), one of 47 patients developed t-AML/MDS [M5 subtype,
t(9;11),�8] 2 years after treatment.43 Another case was reported from
Italy of a patient who developed t-AML/MDS (M3 subtype) 4 years
after completing therapy with the Stanford V regimen.44 Data suggest
that exposure to topoisomerase II inhibitors (ie, etoposide) and doxo-
rubicin may result in tightly clustered break points in an 8–base pair
region in intron 6 of PML-RARA (retinoic acid receptor �) that is
associated with the characteristic translocation t(15;17) seen in acute
promyelocytic leukemia (M3 type of AML).45 In our series, the patient
who developed t-AML/MDS after Stanford V and salvage therapy had
karyotypic abnormalities, including 9q� and 11q23 (MLL gene rear-
rangement), which have also been previously described in patients
treated with topoisomerase II inhibitors.

With respect to radiation exposure, two patients treated with
STLI/TLI as primary therapy developed t-AML/MDS. However, one
did so after 17 years (making a de novo event more likely), and the
other developed t-AML/MDS after salvage chemotherapy that in-
cluded AAs. The additional relative risk of RT to chemotherapy in the
development of t-AML/MDS has been discordant in the literature. A
meta-analysis including 1,183 patients across 12 trials reported a sta-
tistically significant increase in the incidence of leukemia-related
deaths in patients receiving combined-modality therapy.46 In another
meta-analysis, a nonstatistically significant trend toward increase

in t-AML/MDS was seen when comparing chemotherapy with
combined-modality therapy across 16 studies (hazard ratio, 1.82; 95%
CI, 0.95 to 3.46; P � .07), with no differences between IFRT and
STLI/TLI.47,48 In our studies, 12 (7%) of 172 patients developed
t-AML/MDS after STLI/TLI (44 Gy) � AAs, five (7.7%) of 65 patients
after IFRT (44 Gy) � AAs, and three (5.8%) of 52 patients after
AA-based therapy alone, suggesting that the RT per se in combined-
modality therapy did not add to the risk conferred by chemotherapy
alone. Because only one patient treated on Stanford V developed
t-AML/MDS, the additional impact of a lower dose of IFRT on a
significantly reduced alkylator regimen cannot be determined.

In conclusion, successive generations of HL treatments at Stan-
ford, specifically the Stanford V regimen, demonstrate a significantly
lower risk of t-AML/MDS without compromising efficacy, which was
one of the important goals in the development of the latter regimen.
The prognosis for t-AML/MDS is dismal, and it is imperative that
therapies minimize these risks. Current ongoing adaptive strategies
based on interim positron emission tomography imaging to evaluate
early response to treatment may allow for selection of patients so that
AA exposure can be limited to those with high-risk disease.49 As
outcomes continue to improve with modern approaches in manage-
ment of HL, anticipated cure rates must be balanced with the unin-
tended sequelae of therapy.
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